critical limb ischemia (CLI). The purpose of this study was to evaluate long-term clinical outcomes after autologous BM-MNC implantation in patients with CLI. Methods and Results-We assessed long-term clinical outcomes after BM-MNC implantation in 51 patients with CLI, including 25 patients with peripheral arterial disease (PAD) and 26 patients with Buerger disease. Forty-six CLI patients who had no BM-MNC implantation served as control subjects. Median follow-up period was 4.8 years. The 4-year amputation-free rates after BM-MNC implantation were 48% in PAD patients and 95% in Buerger disease, and they were 0% in control PAD patients and 6% in control Buerger disease. The 4-year overall survival rates after BM-MNC implantation were 76% in PAD patients and 100% in Buerger disease, and they were 67% in control PAD patients and 100% in control Buerger disease. Multivariable Cox proportional hazards analysis revealed that BM-MNC implantation correlated with prevention of major amputation and that hemodialysis and diabetes mellitus correlated with major amputation. In Buerger disease, ankle brachial pressure index and transcutaneous oxygen pressure were significantly increased after 1 month and remained high during 3-year follow-up. However, in patients with PAD, ankle brachial pressure index and transcutaneous oxygen pressure significantly increased after 1 month and gradually decreased during 3-year follow-up and returned to baseline levels. 
S urgical bypass and percutaneous transluminal angioplasty and combination with pharmacological therapy are options for revascularization and improvement in limb ischemic symptoms in patients with peripheral arterial disease (PAD). PAD patients with no other treatment option must undergo amputation. It has been shown that cell therapy using implantation of bone-marrow or peripheral mononuclear cells as well as endothelial progenitor cells improves clinical symptoms and perfusion parameters in patients with critical limb ischemia (CLI) who have no other treatment option. [1] [2] [3] [4] [5] [6] [7] [8] We have shown that autologous bone-marrow mononuclear cell (BM-MNC) implantation improves endothelial function in patients with CLI. 9 However, the results of studies have not all been equally positive: In some cases, there were no effects or occasionally adverse effects. 10 Unfortunately, there has been no BM-MNC implantation study with a randomized, doubleblinded, placebo-controlled design.
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PAD is one of the major manifestations of atherosclerosis. PAD is associated with high rates of cardiovascular morbidity and mortality. [11] [12] [13] [14] It is clinically important to assess the effects of cell therapy on long-term outcomes in patients with CLI. Recently, it has been reported that autologous BM-MNC implantation may improve major amputation survival rate in patients with CLI, suggesting that cell therapy using autologous BM-MNC implantation is safe and effective in these patients. 15 However, control patients were not included in that study.
Therefore, in the present study, we evaluated the long-term clinical outcomes in patients with CLI, including patients with atherosclerotic PAD and patients with Buerger disease who underwent BM-MNC implantation and in CLI patients who had no BM-MNC implantation as control subjects.
Methods

Subjects
From April 2000 to December 2008, 97 patients with CLI (51 patients with atherosclerotic PAD and 46 patients with Buerger disease) who had severe rest pain and nonhealing ulcers and who were not candidates for angioplasty or surgical revascularization from the Hiroshima University PAD database were enrolled in this study. Buerger disease was diagnosed by the previous criteria, 16 including results of physical examinations, clinical symptoms, and angiographic findings: smoking history, onset before the age of 50 years, infrapopliteal arterial occlusive disease, either upper limb involvement or phlebitis migrans, and absence of atherosclerotic risk factors other than smoking. To rule out other vasculitis and hypercoagulable states, rheumatoid factor, lupus anticoagulants, and serological investigations were evaluated. The diagnosis of limb ischemia was confirmed by angiography. CLI was classified according to the guidelines of Trans Atlantic Inter-Societal Consensus II. 17 Fifty-one patients with CLI (25 patients with atherosclerotic PAD and 26 patients with Buerger disease) underwent autologous BM-MNC implantation, and 46 patients with CLI (30 patients with atherosclerotic PAD and 16 patients with Buerger disease) continued to receive conventional therapy after being considered candidates for major amputation. Major amputation is defined as above-the-ankle amputation. This was a nonrandomized trial. Patients stopped smoking before treatment with BM-MNC implantation. The study protocol was approved by the Ethics Committee of Hiroshima University Graduate School of Medicine. Written informed consent for participation in the study was obtained from all subjects.
BM-MNC Implantation
BM-MNCs were isolated and implanted in patients with CLI, as previously described. 1, 9 Briefly, we aspirated Ϸ500 mL of bone marrow from the ileum of each patient under general anesthesia and immediately isolated BM-MNCs using a CS3000-Plus blood-cell separator (Baxter, Deerfield, IL) to obtain a final volume of Ϸ50 mL. We then intramuscularly implanted Ϸ0.75 mL of BM-MNCs into each injection site (total of 40 sites, 1.5 cm in depth) in the gastrocnemius of each ischemic leg, with a 3ϫ3-cm grid using a 22-gauge needle. The numbers of BM-MNCs implanted into ischemic limbs were 1.8ϫ10 9 Ϯ0.5ϫ10 9 , and the numbers of CD34 ϩ cells included in the implanted BM-MNCs were 3.5ϫ10 7 Ϯ1.4ϫ10 7 .
Measurement of Number of Endothelial Progenitor Cells
We measured the number of endothelial progenitor cells (EPCs) in 51 patients with CLI (25 patients with atherosclerotic PAD and 26 patients with Buerger disease) who underwent autologous BM-MNC implantation and 25 healthy subjects (20 men and 5 women; mean age, 51.2Ϯ14.1 years). The number of EPCs was analyzed by flow cytometry as previously described. 18 Briefly, samples of BM were placed in tubes containing sodium EDTA (7 mg/mL) and in polystyrene tubes. The EDTA-containing tubes were chilled promptly in an ice bath. BM-MNCs were immediately isolated by Ficoll density gradient centrifugation (AXIS-SHIELD, Dundee, Scotland). After thawing, 1ϫ10 6 mononuclear cells were incubated for 10 minutes with monoclonal antibodies against human fluorescein isothiocyanate-conjugated anti-CD45 (Miltenyi Biotec, Bergisch Gladbach, Germany), PE-conjugated anti-AC133 (Miltenyi Biotec), and APC-conjugated anti-CD34 monoclonal antibody (Becton Dickinson Biosciences, Franklin Lakes, NJ). To assess background, isotype controls were used as negative controls, based on the species and IgG subclass of each antibody. After incubation, erythrocytes were lysed, and the remaining cells were washed with phosphate-buffered saline, fixed in 2% paraformaldehyde, and analyzed on a FACS Calibur Flow Cytometer (Becton Dickinson Biosciences). Each analysis consisted of 500 000 events. To quantify the amount of CD34 ϩ ACC133 ϩ CD45 low cells, the mononuclear cell fraction was gated and analyzed for the expression of AC133 and CD45. Only the AC133 ϩ CD45 low cells were finally investigated for the count of CD34 ϩ cells.
Characterization of Progenitor Cells
Mononuclear cells were isolated by Ficoll density-gradient centrifugation of human blood buffy coats from 50 mL of peripheral blood. Then, 1ϫ10 4 mononuclear cells were plated on 6-well culture dishes coated with human fibronectin and gelatin and maintained in endothelial cell basal medium-2 (EBM-2, Takara Bio Inc., Otsu, Japan) supplemented with EGM-2 microvascular single aliquots and 5% fetal bovine serum. After 3 days of culture, nonadherent cells were removed. Cytochemical analysis of adherent cells was performed on day 4. To detect the uptake of 1,1Ј-dioctadecyl-3,3,3,3-tetramethylindocarbocyanine-labeled acetylated LDL (Di-AcLDL; Molecular Probes, Carlsbad, CA), cultivated cells were incubated with Di-AcLDL (10 g/mL) at 37°C for 1 hour. Thereafter, cells were fixed with 2% paraformaldehyde for 10 minutes and incubated with fluorescein isothiocyanate-labeled Ulex europaeus agglutinin I (lectin, 10 g/mL; Sigma) for 1 hour. Cells demonstrating doublepositive staining lectin and Di-AcLDL were identified to be progenitor cells. Three randomly selected high-power fields per well were counted.
Migration Assay
We measured cell migration response to vascular endothelial growth factor (VEGF) in 51 patients with CLI (25 patients with atherosclerotic PAD and 26 patients with Buerger disease) who underwent autologous BM-MNC implantation and 25 healthy subjects (20 men and 5 women; mean age, 51.2Ϯ14.1 years). Cell migration was evaluated using a modified Boyden chamber assay as previously described. 19 Briefly, isolated progenitor cells were detached mechanically by using a cell scraper, harvested by means of centrifugation, resuspended in 300 L of EBM, and counted. The 2ϫ10 4 progenitor cells were placed in the upper chamber of a modified Boyden chamber (FluroBlock, Becton Dickinson Biosciences). The chamber was placed in a 24-well culture dish containing EBM and culture medium for control and human recombinant VEGF (50 ng/mL; Sigma). After 24 hours of incubation at 37°C, the lower side of the filter was washed with PBS and fixed with 2% paraformaldehyde. For quantification of cells that had migrated, cell nuclei were stained with 4Ј,6-diamino-phenylidole (DAPI, Sigma). Migrated cells in the lower chamber were counted manually in the 3 random high-power fields. Each experiment was performed in triplicate.
Statistical Analysis
Results are presented as meanϮ SD. All reported probability values were 2-tailed. Values of PϽ0.05 were considered significant. Continuous variables were compared by using ANOVA for multiple groups and the t test between 2 groups. Categorical variables were compared by means of the Fisher exact test. Time-to-event end-point analyses were performed by using the Kaplan-Meier method. A log-rank test was used to compare survival in the groups. Multivariable Cox proportional hazard regression analysis was performed to identify independent predictors for major amputation in addition to univariate analysis. First, variables were selected by univariate analysis adjusting for age, using the level of Pϭ0.05 as an indicator of significance. Next, a search for the best model was conducted in stages. Initially, all factors selected in the univariate analysis were included in the model. Nonsignificant variables were successively eliminated until all remaining variables except age were significant (PϽ0.05). Medians and interquartile ranges were determined for the follow-up time. Comparisons of variables before and after BM-MNC implantation were performed with adjusted means by analysis of covariance with the use of baseline data as covariates. Comparisons of time course curves of ankle brachial pressure index (ABPI), transcutaneous oxygen pressure (TcO 2 ), and visual analog pain score (VSA) with 10 levels after BM-MNC implantation were performed using 2-way ANOVA for repeated measures on 1 factor followed by Bonferroni correction for multiple paired comparisons. Missing ABPI, TcO 2 , and VSA values were imputed using the last observation carried forward method. 20 Data were processed using the software package Statview (SAS Institute, Cary, NC) or Super ANOVA (Abacus Concepts, Berkeley, CA).
Results
Clinical Characteristics
Baseline clinical characteristics in the BM-MNC implantation group and no-BM-MNC implantation group (control group) are summarized in Table 1 . There were notable differences in baseline clinical characteristics, including age, risk factors, complications, and drugs used, between patients with atherosclerotic PAD and patients with Buerger disease. These were no significant differences between parameters for patients with atherosclerotic PAD in the BM-MNC implantation group and those in the control group or between parameters for patients with Buerger disease in the BM-MNC implantation group and those in the control group (Table 1) . 
Major Amputation-Free Survival Rate After Autologous BM-MNC Implantation
The follow-up periods are summarized in Table 2 . KaplanMeier analysis showed that the 55 atherosclerotic PAD patients with and without BM-MNC implantation had a significantly worse long-term outcome of major amputation than did the 42 patients with Buerger disease with and without BM-MNC implantation ( Figure 1 ). The major amputation-free survival rate for patients with Buerger disease who underwent BM-MNC implantation was significantly different than the rates for patients with atherosclerotic PAD who underwent BM-MNC implantation, patients with Buerger disease who did not undergo BM-MNC implantation, and patients with atherosclerotic PAD who did not undergo BM-MNC implantation (Pϭ0.0029, PϽ0.0001, and PϽ0.0001, respectively), and the major amputation-free survival rate for patients with atherosclerotic PAD who underwent BM-MNC implantation was higher than that for patients who did not undergo BM-MNC implantation (PϽ0.0001 and PϽ0.0001, respectively), but there was no significant difference between major amputation-free survival rates for patients with Buerger disease who did not undergo BM-MNC implantation and patients with atherosclerotic PAD who did not undergo BM-MNC implantation (Pϭ0.0981). The 4-year amputation-free rates after BM-MNC implantation were 48% in patients with atherosclerotic PAD and 95% in patients with Buerger disease, and they were 0% in control atherosclerotic PAD patients and 6% in control Buerger disease patients ( Figure 2 ). Multivariable Cox proportional hazards analysis revealed that BM-MNC implantation correlated with prevention of major amputation and that hemodialysis and diabetes mellitus correlated with major amputation (Table 3) . 
Survival Rate After Autologous BM-MNC Implantation
The follow-up periods were summarized in Table 4 . KaplanMeier analysis showed that the 55 atherosclerotic PAD patients with and without BM-MNC implantation had significantly worse long-term mortality than did the 42 Buerger disease patients with and without BM-MNC implantation ( Figure 3 ). The 4-year overall survival rates after BM-MNC implantation were 76% in patients with atherosclerotic PAD and 100% in patients with Buerger disease, and they were 67% in control atherosclerotic PAD patients and 100% in control Buerger disease (Figure 4 ). Overall survival rate after BM-MNC implantation was markedly lower in patients with atherosclerotic PAD than in patients with Buerger disease. BM-MNC implantation did not alter the overall survival rate of patients with atherosclerotic PAD or patients with Buerger disease. Table 5 shows the etiology of death in patients with atherosclerotic PAD who underwent BM-MNC implantation and in control subjects.
ABPI, TcO 2 , and VSA After Autologous BM-MNC Implantation Figure 5 shows the changes in ABPI, TcO 2 , and VSA during a 3-year follow-up period after BM-MNC implantation. ABPI was significantly lower in patients with atherosclerotic PAD than in patients with Buerger disease at any time point. In patients with Buerger disease, ABPI was significantly increased after 1 month and remained high during the 3-year follow-up period. However, in patients with atherosclerotic PAD, ABPI was significantly increased after 1 month and gradually decreased during the 3-year follow-up period and returned to baseline levels. In patients with Buerger disease, TcO 2 was significantly increased after 1 month and remained high during the 3-year follow-up period. In patients with atherosclerotic PAD, TcO 2 was significantly increased after 1 month and gradually decreased during the 3-year follow-up period and returned to baseline levels. TcO 2 was significantly lower in patients with atherosclerotic PAD than in patients with Buerger disease at 12, 24, and 36 months after BM-MNC implantation. In patients with Buerger disease, VSA was significantly decreased after 1 month and remained low during the 3-year follow-up period. In patients with atherosclerotic PAD, VSA was significantly decreased after 1 month and gradually increased during the 3-year follow-up period and returned to baseline levels. VSA was significantly higher in patients with atherosclerotic PAD than in patients with Buerger disease at 24 and 36 months after BM-MNC implantation.
Acute Adverse Effects of Autologous BM-MNC Implantation
No severe acute adverse effects were observed in any of the patients who underwent autologous BM-MNC implantation. Four of the 51 patients had slight fever elevation within 3 days, 3 patients had worsened pain at lesions in which cells were implanted within 2 days, and 1 patient had vertigo within 1 day after autologous BM-MNC implantation.
Number of EPCs
The number of EPCs was smaller in patients with atherosclerotic PAD than in patients with Buerger disease and normal control subjects (561Ϯ307/mL versus 947Ϯ471/mL and 1012Ϯ418/mL, PϽ0.0001, respectively), whereas there was no significant difference between the number of EPCs in the control group and that in the Buerger disease group (Figure 6 ).
Cell Migration Response to VEGF
Cell migration response to VEGF was smaller in patients with atherosclerotic PAD than in patients with Buerger disease and normal control subjects (32Ϯ15/high-power field versus 65Ϯ21/high-power field and 69Ϯ21/high-power field, PϽ0.0001, respectively) ( Figure 7 ), whereas there was no significant difference between the cell migration response to VEGF in the control group and that in the Buerger disease group (Figure 7 ).
Discussion
The present study is the first study showing long-term safety and efficacy of BM-MNC implantation in patients with CLI with inclusion of a nontreated reference group using a nonrandomized study design. BM-MNC implantation decreased the rate of major amputation in patients with CLI, both patients with atherosclerotic PAD and patients with Buerger disease, compared with that in control patients. However, clinical symptoms and perfusion parameters improved at the early phase after BM-MNC implantation in both groups but remained improved a long period only in the Buerger disease group, suggesting that beneficial effect of cell therapy is remarkable in patients with Buerger disease. Indeed, some pilot studies have shown that cell therapy failed to improve clinical symptoms and perfusion parameters in patients with CLI. 10, 21 However, growing evidence has shown that BM-MNCs, peripheral blood MNCs, and peripheral blood MNCs mobilized by granulocyte colonystimulating factor improve limb ischemia and that there is no severe transplantation-related complications during a relatively short period of less than 24 weeks. [1] [2] [3] [5] [6] [7] [8] [9] 22, 23 Unfortunately, there have been only a few studies on long-term follow-up of clinical symptoms and outcomes, including major amputation, for more than 2 years after cell therapy. 4, 15, 24, 25 These studies also clearly showed that cell therapy reduces the rate of major amputation, one of the primary end points. In addition, there has been no information on predictors of major amputation with BM-MNC implantation. In the present study, multivariable Cox proportional hazards analysis showed that BM-MNC implantation correlated with prevention of major amputation. Diabetes mellitus and hemodialysis correlated with major amputation in patients with CLI. These findings suggest that CLI patients with diabetes mellitus who are undergoing hemodialysis may not be eligible for cell therapy.
Although BM-MNC implantation decreased the major amputation rate in patients with atherosclerotic PAD, perfusion parameters such as ABPI and TcO 2 gradually decreased during the 3-year follow-up period and returned to baseline levels. In patients with Buerger disease, BM-MNC implantation markedly decreased the major amputation rate, and ABPI was increased after 1 month and remained high during the long-term follow-up period. Recently, Matoba et al 15 reported that BM-MNC implantation did not alter ABPI and TcO 2 in patients with atherosclerotic PAD or patients with Buerger disease for 3 years in a series of Therapeutic Angiogenesis by Cell Transplantation (TACT) trial, whereas BM-MNC implantation led to extension of the amputationfree interval and improvement in ischemic pain. The reason for this discrepancy is unclear. In a previous TACT trial, ABPI and TcO 2 were significantly improved in patients with atherosclerotic PAD at 4 and 24 weeks after BM-MNC implantation. 1 ABPI and TcO 2 in patients with atherosclerotic PAD were lower in the present study and in the previous TACT trial than in the TACT follow-up study (0.39Ϯ0.26 and 0.35Ϯ0.14 versus approximately mean 0.6 and 13Ϯ13 mm Hg and 28Ϯ10 mm Hg versus approximately mean 30 mm Hg). In patients with Buerger disease also, ABPI and TcO 2 were lower in the present study than in the TACT follow-up study (0.54Ϯ0.33 versus approximately mean 0.8 and 10Ϯ10 mm Hg versus approximately mean 37 mm Hg). The differences in the severity of PAD may partially explain why there are differences in changes in perfusion parameters between the studies.
Some patients with Buerger disease had a normal range of ABPI because of the location of sites of stenosis or occlusion in arteries below the ankle. Therefore, in the present study, before BM-MNC implantation, there was a significant difference in ABPI between patients with Buerger disease and patients with atherosclerotic PAD. We do not know the precise mechanisms by which perfusion parameters, ABPI and TcO 2 , and clinical symptoms were increased and maintained in patients with Buerger disease, but perfusion parameters and symptoms temporally increased and gradually decreased in patients with atherosclerotic PAD. Because patients with Buerger disease had few cardiovascular risk factors related to development of atherosclerosis, improve- ment of perfusion parameters and symptoms with BM-MNC implantation may be maintained. On the other hand, advanced age and existence of cardiovascular risk factors in patients with atherosclerotic PAD may contribute to the failure of maintenance of improved perfusion parameters and symptoms.
It is well known that there are no significant differences in mortality and morbidity of cardiovascular outcomes between Buerger disease patients and healthy subjects and that Buerger disease patients have a lower mortality rate than that of atherosclerotic PAD patients, because Buerger disease is not associated with cardiovascular risk factors. 26, 27 Indeed, in the present study, overall mortality rate was markedly higher in atherosclerotic PAD patients than in patients with Buerger disease. No Buerger disease patients with or without BM-MNC implantation died during the follow-up period. There was no significant difference between overall survival rates of atherosclerotic PAD patients who underwent BM-MNC implantation and those who did not undergo BM-MNC implantation or between overall survival rates of patients with Buerger disease who underwent BM-MNC implantation and those who did not undergo BM-MNC implantation. There was no difference in etiology of death concerning cardiovascular complications between atherosclerotic PAD patients with and without BM-MNC implantation. The survival rate of our atherosclerotic PAD patients with CLI who did not undergo BM-MNC implantation is comparable to the survival rates in previous published studies. 28, 29 A recent clinical trial has also shown a similar survival rate of patients with CLI who underwent autologous BM-MNC implantation. 15 These findings suggest that BM-MNC implantation does not alter mortality in patients with CLI.
On the other hand, Miyamoto et al 10 reported that in an unblended and uncontrolled pilot study, long-term adverse effects after BM-MNC implantation were observed in 4 of 8 patients with Buerger disease and that 1 patient suddenly died 20 months after implantation at the age of 30 years. In the present study, none of patients including Buerger disease patients who underwent BM-MNC implantation and control patients who had no BM-MNC implantation died during follow-up periods (mean, 2.8Ϯ1.4 years; range, 7 months to 6.8 years). In the TACT follow-up study also, 3-year overall survival rate after BM-MNC implantation was 100% in 41 patients with Buerger disease. 15 Most studies have shown that cell therapy is promising for angiogenesis and has no severe adverse effects in patients with Buerger disease. 4, 15, 30, 31 In the present study, the number of EPCs and cell migration response to VEGF were significantly decreased in patients with atherosclerotic PAD compared with those in patients with Buerger disease. Interestingly, the number of and migration of EPCs were similar in the Buerger disease group and control group. Yamamoto et al 32 reported that EPCs from Burger disease patients displayed high expression of endothelial lineage molecules compared with their counterparts obtained from PAD patients. These findings suggest that the number of and function of EPCs and expression of EPC marker molecules may contribute to differences in perfusion parameters and major amputation rate after BM-MNC implantation between patients with atherosclerotic PAD and patients with Burger disease.
Gene therapy using VEGF, fibroblast growth factor, and hepatocyte growth factor plasmid and adenoviral vectors encoding their genes may also improve clinical symptoms and limb perfusion in patients with CLI. [33] [34] [35] [36] Recently, Haro et al 37 have reported comparison of the efficacy and safety of gene and cell therapy trials in patients with PAD by a meta-analysis. Indeed, although some studies failed to improve clinical symptoms, the efficacy, safety, and feasibility of both gene therapy and cell therapy have been established, suggesting that these therapies are promising new strategies for CLI. Future large-scale studies with a randomized, double-blinded, and placebo-controlled design are needed to confirm the effects of gene therapy and the effects of cell therapy alone and the effects of combined gene therapy and cell therapy on clinical symptoms and cardiovascular outcomes in patients with CLI.
Study Limitations
Although we selected patients with CLI who had no other treatment option as a reference, the study design was not a prospective randomized trial. In addition, the number of subjects in the present study was relatively small. However, major amputation after autologous BM-MNC implantation was prevented in many patients with atherosclerotic PAD and patients with Buerger disease who had no other treatment option. Although no severe adverse effects were observed after BM-MNC implantation in the present study, further studies are needed to evaluate the adverse effects and outcomes, including not only cardiovascular outcomes but also onset of malignancy, during a much longer follow-up period using a prospective, randomized, controlled study design.
It is clinically important to know the viability of injected cells. Unfortunately, there is no information on the viability of injected cells in humans. Some experimental studies have demonstrated the possibility that adult BM cells can differentiate into vascular endothelial cells or endothelial progenitor cells in a hind limb ischemic model and in a heart ischemic model. 38, 39 However, Ziegelhoeffer et al 40 have recently shown that although implantation of BM-derived cells increases collateral vessel formation in an ischemic limb model, these cells are not incorporated into the growing vasculature, suggesting that angiogenesis with adult cells is due to several angiogenic growth factors and cytokines released by implanted cells. In addition, it has been shown that mobilization of BM-derived cells contributes to angiogenesis in response to hypoxia without transdifferentiation into endothelial cells. 41 Results of several studies support the concept that angiogenic growth factors and cytokines released by implanted cells predominately promote angiogenesis. 42, 43 The 4-year overall survival rates after BM-MNC implantation were 76% in patients with atherosclerotic PAD and 100% in patients with Buerger disease in this study. The relatively large dropout rate (Ͼ20%) in patients with atherosclerotic PAD may produce bias in the analyses regarding differences in ABPI, TcO 2 , and VSA after BM-MNC implantation between patients with PAD and patients with Buerger disease because the patients who dropped out may be different from those who completed the study. We used the last observation carried forward approach, one of the single imputation methods for missing data, instead of the completecase method because it is considered good practice not to ignore dropout regardless of whether data were informatively or noninformatively missing. Comparison of the reason for death between atherosclerotic PAD patients with and without BM-MNC implantation suggests that missing data caused by dropout occurred at random. Dropout rate was indeed more than 20% during the whole observation period in patients with atherosclerotic PAD, but it was less than 10% at 12 months. Significant differences in ABPI, TcO 2 , and VSA after BM-MNC implantation between patients with PAD and patients with Buerger disease were mainly observed between baseline and 12 months, suggesting that the influence of last observation carried forward is small during this period. Conversely, the findings after 24 months should be carefully interpreted because dropout rate was more than 20%. Furthermore, because the small sample size may influence the results, further study using a large number of patients with a small proportion of missing data are necessary to clarify our findings.
In the present study, we used multivariable Cox proportional hazard regression analysis to identify independent predictors for major amputation in addition to univariate analysis. We finally could select diabetes mellitus, hemodialysis, and BM-MNC implantation as independent predictors for major amputation. Diabetes mellitus and hemodialysis are well established as important predictors for major amputation. However, further study including a large number of subjects is necessary to clarify whether BM-MNC implantation is one of the important predictors because small the sample size in our study resulted in reduction of statistical power.
In conclusion, BM-MNC implantation reduces major amputation rate and is safe and effective in patients with CLI, especially in patients with Buerger disease.
